























Table 2.

Continued.
Develop- Chemical
mental formula- Concen- Treatment Treatment Treatment results Bones
Species stage* tion** tration duration mortality Short term Long term examined*** Reference
Coregonus lavaretus L Tc 200-800 mg/L 1-17 h Variable 6 d - <100% - [} 0] Nagiec et al. 1988
[1] [} [} L] [1] [1] o 2 h - 12 d - “00% 2?5 d - 67% ® [1] " o e
Coregonus peled " TC 400 mg/L 15 h - - 176 d - 98% 010 " L o
Plecoglossus altivelis E TC-H 12.5-1,000 mg/L 27 h Variable 5d - <100% - o010 Tsukamoto 1988
Ptychocheilus fucius E TC-H’ 200,350 mg/L 12-36 h Variable 0d- 100% 15 d - 100% 010 Muth & Nesler 1989

un 11} ’ L 11 [} 113 [} 12-24 h [} ({1 L] LI ] 9 11} [} L1} 1}
Tautogolabrus adspersus J TC-H 500 mg/L 2 h 15% 13-19 d - 100% - oTo Gleason and Recksiek 1990
Stizostedion vitreum L ¢’ 200 mg/L 26 h - - 6 mo - 70% MAX R. Schademann, unpub. data
Alosa sapidissima L orct 25 mg/L 12 h /4 d 10-27% 79d- >80% 158 d - >7% 070 Hendricks et al. (in press)

" " n " SO0 mg/L 12h/ 4 d 6-36% 49 d - 98% 168 d - 94% oT0 " won L

" " " " 200 mg/L 6 h 4-27% 54 d - 100% 192 d - 100% 0T0 " L woon

" " " N 400 mg/L 6 h 18% - 101 d - 100% oT0 " L noon

u " " TC-H? 200 mg/L 6 h 2-34% 107 d - 100% 178 d - <100% oTo " uon woon

ORAL EXPERIMENTS
Oncorhynchus gairdneri S cTC-H' 10-40 mg/kg 5d 0% Several d - 0% Co- uss Weber & Ridgeway 1962
Oncorhynchus nerka L1} n n " 11} non " 11 n n . n |1} " i
Oncorhynchus tshawytscha n orc? 1,600 mg/kg uou " Several d - 50% - vCs " " "

" " u orc-w* 130 mg/kg 7d " Several d - 100% - " " i "
Salvelinus fontinalis L OTC-H 250-3,200 mg/kg 2.5-12 d - 3-36 d - <100% - Vs Choate 1964
Oncorhynchus nerka L CTC 25-1,000 mg/kg 2-10 d - ? - <100% - vCs Weber & Ridgeway 1967

" " J crc’ 250-300 mg/kg 1 Feeding - ? - 100% - " " N N

" " J orc® 2,000 mg/kg 4 d - 2 mo - 100% 3y - <100% " " " "
Oncorhynchus kisutch J " 500 mg/kg 2d - 196 d - 94% 1.5 y - <100% " " " "
Oncorhynchus gairdneri L TC-H 100 mg/kg 4,8d - 1d- >92% - vCs Trojnar 1973

11 n n " 400 mg/kg n n - 1 d - >87% - 1] n L1}

" n ] " 700 mg/kg [T - id- ;88% - " " ]

" " n " 700 mg/kg 9d - 15d- "93% 365d- 100% " " " s
Salmo salar J orc-H* 250 mg/kg 15 d - 7d- 100% 11 mo - <100% VCs Odense & Logan 1974

" " " OTC-H 660 mg/kg 9d - - 4 mo - <100% " " " "

" u " " 1.3% wet wt feed 14.d - - 11 mo - 0% " " u "

n 1] A n " " " n - - - 23 mo - 5100% " " 11} "
Coregonus lavaretus J TC 1,200-15,000 mg/kg 9d - 9d- 100% - vCS Nagiec et al. 1983
Oncorhynchus keta L oTC 2 g/454 g feed 7d - 23 d - 100% 2y - 50-100% VRT Bilton 1986

u 1 u " " " " " 14 d - 7d- 100% 2y - >9% [ " ]

" " " ] " " 1} " 21 d - 9d- 100% 2 y - TOO% " " [}

Oncorhynchus nerka J oTC 4.5% wet wt feed 40 d - <54 d- 100%6 9 mo- 91% HOM Koenings et al. 1986

L] " n " " i " n 60 d - _(-56 d - 100% 9 mo - 100% 1 ] L[} " i
Salvelinus namaycush E,L OTC-H 0.2-1.0% feed - - ? - <100% - oTo Brothers 1985
Esox lucius x E._masquinongy J oTCc-H* 500 mg/kg 6,12 d - ? - <100% - ? Wahl & Stein 1987
Alosa sapidissima L orc  3,6,9 g/454 g feed 7,1 d - 102 d - 0% 158 d - 0% oT0 Hendricks et al. (In press)

" u " orc® 6 g/454 g feed 7d - - 168 d - 76% 0T0 n wom L

" " " orc® 40 g/454 g feed 3d - 126 d - 100%4 178 d - 95% 0710 " L woou

" " " TC-H® 40 g/454 g feed 3d - 101 d - 100% 210 d - 100% oT0 " "on L



Table 2. Continued.
Develop- Chemical
mental formula- Concen- Treatment Treatment Treatment results Bones
Species stage* tion** tration duration mortality Short _term Long term examined**¥ Reference
INJECTION EXPERIMENTS
Fundulus heteroclitus A TC 20 mg/kg Daily - - - ScL Bevelander & Goss 1962
Oncorhynchus nerka S cTC 25-200 mg/kg 1 Injec. - Several d - 100% 3 mo - 100% ves Weber & Ridgeway 1962
" " " TC-H,07C 100-400 mg/kg woow Variable u " " 48 d - 100% " " " "
Carassius auratus - TC-H 20-400 mg/kg 1-4 Injec. Variable ? - 100% <8 mo - 100% VRT,OTO,SCL Kobayashi et al. 1964
Thmaccoyi - OTC-H 15 mg/kg 1 Injec. - <101 d - 100% <701 d - 100% ves Lanzing & Hynd 1966
Sillago ciliata - 1 0.1-10 mg/kg LU - ? - 100% - LIv " " u
u " - " 10-200 mg/kg " " - 63 d - 100% - ves o " u
Urolophus testaceus - w 50 mg/kg L. - ? - 0% - ? " " "
Gadus morhua - TC 0.87-1.7 mg/fish 1 Injec. - 1 mo - <100% 4 mo - <100% OTGC,SCL Jensen & Cummings 1967
Pseudopleuronectes amerijcanus - " " " u " " - - 6 mo - <100% SCL " " w
Raja clavata - TC-H 50, 100 mg/kg 1 Injec. - - <3y - 100% VRT Holden & Vince 1973
Thunnus albacares J,A oTC 125 mg/4.56 kg 1 Injec. - - - oTo Wild & Foreman 1980
Katsuwonus Ee l ami s " 1] 11} 11} L1} L1} 1] - - - 10 (1] 1] L]
Platichthys stellatus J OTC-H 100 mg/kg 1 Injec. - 1d- 100% ?2 - 97% oT0 Campana & Neilson 1982
Ophiodon elongatus J,A oTC 100 mg/kg 1 Injec. 0% - 2-3 y - 100% DSL Cass & Beamish 1983
Pristipomoides filamentosus J o7C 30 mg/kg 1 Injec. 0% <39 d - 100% - 0T0 Ralston & Miyamoto 1983
Triakis semifasciata - oTC-H 25 mg/kg 1 Injec. - - <3y - 64% VRT smith 1984
Salvelinus namaycush E,L OTC-H 50-100 mg/kg 1 Injec. - ? - 100% - o010 Brothers 1985
Stizostedion vitreum J,A TC 50-100 mg/kg 1 Injec. - - <2y - 100% OPR Babaluk & Campbell 1987
Sgualus acanthias - oTC 25 mg/kg 1 Injec. 0% - - pst McFarlane & Beamish 1987a
Anoplopoma fimbria A OTC-H 25-100 mg/kg 1 Injec. >0% - 1-5 y - <100% oTo McFarlane & Beamish 1987b
Brevoortia tyrannus J oTC 13-20 mg/kg 1 Injec. 0% 11 d- 80% - 0oT0 Simoneaux & Warlen 1987
" L1} L[] L1} 0.2 r_ng oTc/fish 1] |1} - 7 14 d - 78.6% - " L1} 1] 11
* Developmental stages ** Reporting of the exact formulation of tetracycling used varied batween ®** Bone abbreviations are as follows:
abbreviations are as authors, abbreviations are as follows: DSL - Dorsal spines or fin rays
follows: TC. - Tetracycline HOM - Homogsnized whole fish
E - Embryo TC' - Tetracycline and 1.5% DSMO (dimethyl sulfoxide) LIV - Liver
L - Larval TC-H - Tetracycline hydrochloride MAX - Maxillas
S - Smolt TC-H' - Tetracycline hydrochloride buffered with tris buffer OPR - Operculum
J - Juvenile TC-H? - Tetracycline hydrochloride buffered with potassium and OTO - Otoliths
A - Adult sodium phosphates SCL - Scales
TC-H® - Tetracycline hydrochloride mixed with glucossmine as & potentiator USB - Unspecified bones
CTC. - Chlortstracycline VCS - Various calcified structures
CTC' - Chlortetracycline mixed with glucosamine or terephthalic acid, VRT - Vertebras or vertebral centra
as potentiators
CTC-H - Chlortetracycline hydrochloride
CTC-H' - Chlortetracycline hydrochloride mixed with carboxymethlicellulose
OTC_ - Oxytetracycline
OTC' - Oxytetracycline buffered with DSMO (dimethy! sulfoxide}
OTC? - Oxy tstracycline mixed with carboxymaethicsliulose
OTC® - Oxytetracycline mixed with glucosamine as a potentiator
OTC* - Oxytetracycline buffered with potassium and sodium phosphates
OTC-H - Oxytetracycline hydrochloride

OTC-H! - Oxytstracycline hydrochloride
OTC-H? - Oxytetracycline hydrochloride
buffered with tris buffer
OTC-H°® - Oxytetracyclina hydrochloride
OTC-H* - Oxytetracycline hydrochloride

buffered with tris buffer
and DSMO ({dimethyl sulfoxide},

buffered with potassium and sodium phosphates
mixed with glucosamine

Author’s note: So experimental results could be concisely presented, some information praesented in this table is the combined results from a series of experiments, we suggest the reader should refer to the
original reference when exact details of & particular study are desired.

1. Use of company and trede names does not imply product endorsement.



and 5 d old were successfully marked by
immersion in tetracycline and retained fluo-
rescence for 6 months (R. Schademann,
Ecology and Environment, Incorporated,
unpublished data). Brothers (1985) im-
mersed lake trout embryos, alevins and
larvae. Alevins and larvae retained a mark
while embryos did not. He also noted that
tetracycline injection produced a brighter
mark than immersion. Koenings et al.
(1986) developed a method of quantifying
tetracycline uptake after feeding sockeye
salmon. This allowed the use of tetracycline
to mark batches of fish uniquely, but tetra-
cycline detection required chemical extrac-
tion.

Other chemicals, with fluorescent prop-
erties similar to the tetracyclines, have also
been used to mark fish. The compounds
calcein and alizarin complexone were evalu-
ated for marking otoliths of ayu Plecog-
lossus altivelis embryos by Tsukamoto
(1988). He found that alizarin produced a
highly visible scarlet-pink ring, while calcein
yielded a relatively poor yellowish-green
mark. Conversely, calcein was found to
produce a viable fluorescent mark when
three species of estuarine fish were im-
mersed in a calcein solution (Wilson et al.
1987). Hankin (1978) used calcein as a
fluorescent scale marker on guppies Poecilia
reticulata. When administered in the diet to
growing fish, marks were visible under a
fluorescent microscope at the conclusion of
the three month experiment. Repeated
application showed no effect on reproduction
or growth. The advantage of this technique
over tetracycline marking is the apparent
retention of external marks, but there has
been no further evaluation of mark longevi-

ty.
METHODS

Walleye larvae were chemically treated
in Big Redd (TM)' incubators (Olson 1981),
each of which contained three incubation
tubes and manifolds for delivering water,
air, and oxygen. Fish were treated in a
Static environment within the incubator, and
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fresh water flow was restored after the
treatment period. Reduced air flow and an
increased oxygen flow prevented excess
foaming and assured adequate dissolved
oxygen in the treatment incubator.

In the first trial, approximately 60,000
larval walleye averaging 1.5 d post-hatch
were apportioned (10,000 per incubation
tube) between two Big Redds. During
treatment, larvae were immersed in a bath of
250 mg/L OTC-H (oxytetracycline hydro-
chloride - Terramycin concentrate) three
times over a 10 d period (Table 3). Incuba-
tion tubes were submersed in the treatment
solution for either 8 or 10 h. In the second
trial, larvae were immersed in the OTC-H
bath for one 8 h interval (Table 3). After
the treatment period during trials one and
two, 25 larvae were sampled and preserved
in ethanol. In the third trial, 6,000 walleye
larvae were immersed four separate times in
350 mg/L OTC-H (from a powdered formu-
lation) for 8 h (Table 3). Twenty-five lar-
vae were removed after each immersion and
examined immediately for fluorescence.

During all trials, water temperature
varied between 10.4 and 13.9° C, and dis-
solved oxygen always exceeded 6.2 mg/L.
When necessary, treatment water was
buffered using Tris buffer(Tris(Hydroxy-
methyl)Aminomethane) to near normal pH
after the addition of OTC-H caused a reduc-
tion in pH.

The above procedures were repeated
using a marking solution of 125 mg/L
calcein  (27,7’bis[[bis(carboxymethyl)-
amino]methyl]fluorescein).  During trial
four, 200 larvae were immersed in the test
solution for 2 h and kept at 14° C (Table 3).
In the fifth trial, two tubes containing
10,000 larvae each were treated for 4 h at
12° C. Samples of larvae were removed
after each calcein treatment for external
examination under ultraviolet light.

All larvae samples were illuminated with
a portable Blak-Ray long wave ultraviolet
lamp? and examined externally with a stereo-
microscope. Photographs of larval fish were
taken with a Nikon epi-fluorescent micro-
scope? equipped with V-1A filter combina-



Table 3. Summary of oxytetracycline and calcein marking experiments on walleye larvae.

Treatment Elapsed Fish age Percent of fish
duration time before Number (d) when Total length (mm) with external
Date (h) sampling (h) sampled marked Mean _ Range fluorescence
Oxytetracycline - 250 mg/L
Trial #1
4 May, 1987 8.0 12.0 25 1.5 8.2 7.5- 9.0 4.0
10.0 10.0 25 1.5 8.2 7.0- 9.0 12.0
7 May, 1987 8.0 12.0 25 4.5 8.6 8.0-10.0 20.0
10.0 10.0 25 4.5 8.0 7.0- 9.0 32.0
11 May, 1987 8.0 0.5 25 8.5 8.6 7.5-9.5 84.0
10.0 0.5 25 8.5 9.0 8.5-10.0 80.0
Trial #2
27 May, 1987 8.0 96.0 25 14.0 9.2 9.0-10.0 60.0
Oxytetracycline - 350 mg/L
Trial #3
12 May, 1990 8.0 246.0 25 1.0 8.4 8.0- 9.0 12.0 |
14 May, 1990 8.0 264.0 25 3.0 9.4 9.0-10.0 24.0
16 May, 1990 8.0 24.0 25 5.0 9.5 8.5-10.0 100.0
18 May, 1990 8.0 20.0 25 7.0 9.7 9.5-10.5 100.0
67.0 25 7.0 9.8 9.0-10.5 100.0
115.0 25 7.0 9.9 9.0-10.5 100.0
Calcein - 125 mg/L
Trial #4
10 May, 1988 2.0 - 25 1.5 - - 246.0
Trial #5
13 May, 1988 4.0 - 25 1.5 - - 56.0

tion and illuminated by a 100 watt mercury
lamp. Temperature units (TU) were calcu-
lated by summing degree-days above 0° C.

RESULTS

Mortality of larvae during oxytetracy-
cline and calcein treatments was minimal.
During oxytetracycline treatments, visual
observations indicated a greater mortality of
larvae in treatment tubes than control tubes,
and in tubes that were held in the marking
solution for 10 h as opposed to 8 h. Like-
wise, mortality during calcein marking was
minimal. The three environmental controls
of the Big Redd allowed for a very success-
ful experimental environment while helping
to assure a low experimental mortality.

External fluorescent marks were most
evident in the splanchnocranium and pectoral
girdle of recently marked larval walleye.
Fluorescent marks appeared as thin yellow
lines against a dark purple background when
the OTC-H had been incorporated into the
bone, especially in the premaxillae, maxil-
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lae, dentary, and developing pectoral girdle
bones. The largest and most brilliant
marked bones were the premaxillae, maxil-
lae, and dentary (Table 3). The quality of
marking on bony parts was consistent among
the sampled larvae.

Marking success varied between trials
(Tables 3 and 4). Observations indicated
that marking success increased with fish age,
size, and as OTC-H concentration increased.
Greater than 80% of larval walleye 5 d old
or older successfully incorporated OTC-H
into their bony parts (Table 3). An OTC
solution of 250 mg/L failed to mark all
treated fish, while 350 mg/L OTC-H assured
100% marking success. In our experimental
environments, walleye larvae needed to be at
least five d old or 9.5 mm in length, and
immersed in 350 mg/L. of OTC-H before a
total batch mark was obtained. Key devel-
opmental characteristics we noticed at 100%
marking were (trial three; third immersion):
jaws and teeth were very developed, yolk
sac was rapidly depleting, gill arches, and
lamellae were present in most fish.
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Table 4. Relative intensity of fluorescent marks in various bones of larval walleye that were
immersed in tetracycline hydrochloride solutions. Mark intensities were determined
from 25 larvae from each treatment and ranked 0-3 (absent-bright). Values were
averaged within each sample lot to produce a batch mark intensity value.

Mark intensity by OTC concentration, exposure time, and number of immersions

250 mg/L 350 mg/L
Trial #1 Trial #2 Trial #3
8 h 10 h 8 h 8 h
Number of immersions 1 2 3 1 2 3 1 1 2 3 4
Mean length (mm) 8.2 8.6 8.6 8.2 8.0 9.0 9.2 8.4 9.4 9.5 9.7
Fish age when marked (d) 1.5 4.5 8.5 1.5 4.5 8.5 14.0 1.0 3.0 5.0 7.0
Percent of fish exhibiting )
external fluorescence 4.0 20.0 84.0 2.0 32.0 80.0 60.0 12.0 24.0 100.0 100.0
Anatomical features examined®
Dentary 0 0.1 1.7 0.1 0.6 1.6 0.9 0 0.1 1.3 2.8
Teeth 0 0 0.6 0 0 1.0 0.2 0 0 0.2 1.2
Otoliths 0 0.2 1.1 0 0 1.4 0.7 0 0.1 0.8 1.0
Premaxilla 0 0.1 1.7 0.1 0.6 1.6 0.9 0 0 1.3 2.8
Maxilla b - - - - - - - 0 0 1.3 2.8
PectoEal - - - - - - - 0 0 0.8 2.0
Hyoid - - - - - - - 0 0 0.3 0.9
Yolk sac - - - - - - - 1.1 0.2 0.6 1.4
Unidentified skull bones 0.1 0.1 0.2 0 0.2 0.2 0.2 0.1 0.2 0.2 2.8

3 parts of the operculum and branchial apparatus were observed to fluoresce after the last
treatments in experiments 1 and 3, although no determination was made on their relative

brightness.
b
were not separated.

Comparatively, a smaller percentage of
calcein treated fish were successfully
marked, based on external examination
(Table 3). The calcein had concentrated in
the gastrointestinal tract, but not the bony
parts of the treated larvae.

DISCUSSION

Since walleye larvae are small (<10
mm) when they are stocked, it would be
desirable to have a permanent mark that
could be quickly and effectively applied
before stocking. We were able to success-
fully mark walleye larvae with OTC-H by
whole-body immersion. Initial fluorescence
observed in larval walleye shortly after
marking was most evident in the developing
bones of the skull. We found that the pre-
maxillae, maxillae, and the dentary fluo-
resced most brilliantly. These bones are
among the first to ossify in the developing
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Intensity values reported here refers to the group of bones, the individual bones of these groups

!

walleye larvae (Norden 1961; McElman and
Balon 1979). Previously, 4 and 5 d old
larval walleye were marked with similar
results in Kansas (R. Schademann, Ecology
and Environment, Incorporated, unpublished
data).

With varying percentages of OTC-H
marked fish among trials, several hypotheses
can be drawn. First, the dosage of OTC-H
was increased to 350 mg/L during the third
trial. This increase in dosage, when com-
pared to the first two trials, may have ex-
ceeded an application threshold that assured
a mark on all treated larvae. A second
hypothesis is that larval walleye must obtain
a critical age, size, or developmental phase
before a quality mark is achieved. Support
for this hypothesis is especially evident in
trials one and three, where the percentage of
marked fish increased with both age and
size. From our data we were not able to
ascertain if either age, size, or developmen-



tal phase had more influence on marking
success.

In trial three, our experimental larvae
were compared to the developmental phases
of early walleye ontogeny described by
McElman and Balon (1979). They describe
the third phase in the embryonic develop-
ment of the walleye as the period from hatch
to the start of external feeding. Calcification
of the splanchnocranium begins early in the
third phase, and by the the third phase in the
embryonic development of the walleye as the
period from hatch to the start of external
feeding. Calcification of the splanchnocra-
nium begins early in the third phase, and by
the end of this phase, teeth and jaws have
become calcified. Also, larvae transfer to
gill respiration and experience rapid yolk
depletion prior to the start of feeding. It is
the later step of the third phase (Step F* 11;
McEIman and Balon 1979) that best des-
cribes how developed our study fish were
when 100% retention of OTC-H was first
observed. Walleye size at hatch and growth
rates will vary with location. We suspect
that comparing fish to be marked with tetra-
cycline to a developmental phase will prove
to be better indicator of readiness for an
OTC-H application than either size or age
since hatch.

Since growth is directly related to water
temperature, it is unknown how much water
temperature variation will influence the time
of OTC-H incorporation or overall marking
success. McEIman and Balon (1979) deter-
mined it took walleye embryos 6 d 18 h (or
101 TU) to go from hatch to external feed-
ing. During trial three, our study fish had
experienced 77 TU since hatch when a
100% mark was first achieved (third immer-
sion), and 101 TU by the fourth immersion.
During trial three, larvae were held for 114
TU post hatch before they were stocked. At
this time the yolk and oil globule were
nearly absorbed, and according to Balon and
McElman (1979) our study fish had became
larvae (Step PP! 12). The 114 TU our study
fish had experienced during the post hatch
embryonic phase was similar to the 101 TU
described for this phase by McElman and

Balon (1979).

McElman and Balon (1979) found wall-
eye otolith formation occurs approximately
midway between fertilization and hatch.
Using a StereoZoom microscope, otoliths
were not visible until 3 d post-hatch during
our study. It is possible that we could have
observed otoliths at a younger age, and
found all otoliths to fluoresce more brilliant-
ly if we had examined them with epi-fluores-
cence micropsy. During this study, larval
walleye otoliths were calcified and visibly
fluorescent, but they never obtained the
visible brilliance of the jaw bones. Otoliths
from squawfish Psychocheilus lucius and ayu
have been successfully marked as late em-
bryos or newly hatched larvae (Tsukamoto
1988; Muth and Nesler 1989).

Our experiments suggest that OTC-H
may be more effective as a marking medium
than calcein at the concentrations that were
used. However, the calcein treated fish
were recently hatched (1.5 d) when they
were treated, and similar to the initial OTC-
H treated fish, may have been too young to
exhibit induced fluorescence. More experi-
mentation is needed to determine exactly
why calcein treatments were not as success-
ful.

MANAGEMENT IMPLICATIONS

We have demonstrated the potential use
OTC-H for mass-marking larval walleye,
but the persistence of this mark is unknown.
Development of a successful laboratory
technique would allow marked larvae to be
identified as juveniles or adults which would
in turn make it possible to assess the effec-
tiveness of a stocking program, success of
natural reproduction, stock structure dynam-
ics, and the economic efficiency of a stock-
ing program.
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